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Abstract: Despite the development of in vitro fertilization (IVF) more than 30 years ago, the 
cost of treatment remains high. Furthermore, over the years, more sophisticated technologies 
and expensive medications have been introduced, making IVF increasingly inaccessible despite 
the increasing need. Globally, the option to undergo IVF is only available to a privileged few. In 
recent years, there has been growing interest in exploring strategies to reduce the cost of IVF 
treatment, which would allow the service to be provided in low-resource settings. In this review, 
we explore the various ways in which the cost of this treatment can be reduced. 
Keywords: IVF, low-cost, accessible, developing world 

Introduction 

Since the first test tube baby was born in the year 1978, in vitro fertilization (IVF) 
treatment has been developed and improved to benefit millions of people who experi- 
ence childlessness. It is estimated that the number of IVF infants in the world, including 
intracytoplasmic sperm injection, has now surpassed five million. However, there are 
still many people who are unable to gain access to this form of treatment. 

High treatment cost: a barrier to accessing IVF 
treatment 

The high cost of IVF treatment is the main barrier that prevents many from benefiting 
from this technology to help them conceive. Although the cost of IVF treatment is 
variable among different countries, it is generally an expensive treatment in most parts 
of the world. The average cost of one fresh IVF cycle (excluding associated frozen 
embryo transfers) is as high as £3,123 in the United Kingdom;'-^ in the United States, 
it is even higher (Table 1). Public funding and the provision of health insurance for 
IVF treatment differ widely between countries; there is no uniformity in the provi- 
sion of this treatment even in the developed world.^ In Australia, treatment for IVF is 
publicly fiinded with no limitations on the number of previous cycles, maternal age, 
duration of subfertility, body mass index, or smoking status; however, patients are 
required to make copayments for their treatments. In 2010, the amount of copayment 
required for a fresh IVF cycle was increased from approximately $ 1 ,500 to $2,500 
Australian dollars. As a result, there was a 21%-25% reduction in fresh IVF cycles 
across all socioeconomic groups.'' In contrast to Australia, access to IVF in the United 
States is only available via private funding. Analysis of data from a prospective cohort 
in the United States revealed that higher-income and college-educated couples were 
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Table 1 The costs per IVF/ICSI cycle in different countries 


Country 


Costs per IVF/ICSI cycle (USD) 


Australia 


$5,645 (ICSI additional $469)" 


Brazil 


$3,000' 


Canada 


$8,500 (ICSI additional $1,172)" 


Germany 


$4,l48-$4,977" 


India 


$600-$ 1,000" 


Japan 


$3,956 (ICSI additional $860)" 


Scandinavian countries 


$5,549 (ICSI additional $614)" 


South Africa 




IVF 


$4,500±$796 (mean ± standard deviation)*'^ 


ICS! 


$4,565±$864 (mean ± standard deviation)*'^ 


United Kingdom 


$5,244*''^ 


United States 


$12,513 (ICSI additional $1,626)" 



Notes: *Currency conversion based on the exchange rates on April 28, 2014 
( http://wvvw.xe.com ). Rounded to the nearest dollar. 

Abbreviations: ICSI intra-cytoplasmic sperm injection; IVF, in vitro fertilization. 



much more likely to have multiple cycles of IVF treatment.' 
Many other countries, for example the United Kingdom, 
incur strict restrictions and limitations on the provision of 
IVF treatment via public funding. In addition, the number 
of cycles funded is often limited for each person due to the 
cost involved. Germany, in some way similar to Australia, 
provides partial reimbursement to meet some of the cost of 
IVF treatment. Even with the provision of funding of up 
to 50%, three quarters of couples in Germany declined to 
proceed to IVF treatment; these patients cited cost of treat- 
ment as one of the major reasons that stopped them from 
undergoing IVF.' '' 

IVF in developing countries 

The availability of IVF in developing countries is primarily 
limited to a few privileged individuals who can afford to 
self-fund the cost involved. Publicly funded treatments are 
scarcely available; in many countries, they are nonexistent. 
According to a survey conducted in Kenya, more than a 
quarter of patients attending consultations are affected by 
subfertility.^ The survey revealed that in Kenya only three 
units provide IVF, and only a minority of patients were able 
to gain access to IVF treatment via private funding. In Brazil, 
76% of the states have no fully subsidized treatment for 
subfertility.^ The charges for the treatment are unaffordable 
for the majority of the low-income Brazilian population, and 
the waiting time for access to assisted reproductive treatment 
can be as long as 6 years.' 

Subfertility as a global health issue 

Subfertility has been overlooked as a global health issue, 
despite affecting one in seven couples. In developing 
countries, resources are often channeled to tackle other major 



health problems like malnutrition and infectious diseases. 
Being a non-life-threatening condition, subfertility is not 
on the priority lists of most policy makers.^ Many countries 
are also facing the problem of high population growth rates; 
currently, there is more emphasis on family planning than 
on the issue of subfertility in these countries. For most 
international nonprofit organizations, the implementation 
of appropriate treatment for subfertility is not part of their 
main objectives.'" 

In many cultures in the developing world, child bearing 
is considered the central purpose in life. Subfertile couples 
not only have to bear the sorrow of childlessness, but they are 
also subjected to social stigma, become isolated from fam- 
ily and community, and have their social and cultural rights 
stripped.' Women tend to be blamed for the subfertility; the 
situation can result in domestic violence and polygamy.' '" 
Research has shown that psychological distress and physical 
abuse is significantly more common in subfertile women 
than in their fertile counterparts." As a result of pregnancy- 
related or delivery-related infections, unsafe abortions, and 
the high incidence of sexually transmitted diseases, bilateral 
tubal blockage is the most common cause of subfertility in 
developing countries; IVF treatment is the most effective 
intervention for this condition.'" '- However, in resource-poor 
settings, this high-priced treatment is typically unavailable, 
and even individuals who can afford the treatment may have 
to travel overseas to receive this medical therapy. 

Global attempts at lowering 
the costs of IVF 

The affordability of IVF treatment for individuals of lower 
socioeconomic background has only very recently received 
some attention. For more than 1 0 years, subfertility in devel- 
oping countries has been highlighted as an important public 
health issue. However, over the years, there has been little 
progress in subfertility prevention and treatment in these 
countries, and the allocation of resources into subfertility- 
related reproductive health programs has been very limited. 
In 200 1 , the World Health Organization organized a meeting 
entitled "Medical, Ethical and Social Aspects of Assisted 
Reproduction". Recommendations stated in the meeting 
include the following: 1) infertility should be recognized 
as a public health issue worldwide, including in developing 
countries; 2) policy makers and health staff should give 
attention to infertility and the needs of infertile patients; 

3) infertility management should be integrated into national 
reproductive health education programs and services; and 

4) assisted reproduction treatment should be complementary 
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to other ethically acceptable social and cultural solutions 
to infertility.'^ To further increase the awareness among 
subfertility specialists of the need for accessible subfertil- 
ity care in developing countries, the European Society of 
Human Reproduction and Embryology founded a special 
task force on "Developing Countries and Infertility" in 
2006.'^ Shortly after, The Walking Egg'^ was founded. The 
Walking Egg is a nonprofit organization that aims to establish 
subfertility services in developing countries. In cooperation 
with the European Society of Human Reproduction and 
Embryology and the World Health Organization, The Walk- 
ing Egg started a global project with the goal to increase 
diagnostic and therapeutic options, including IVF, for child- 
less couples in resource-poor countries.'^ This project was 
conceived in an important meeting organized by The Walk- 
ing Egg in Arusha, Tanzania in December 2007. One of the 
most important strategies to improve accessibility of fertility 
treatment is lowering the cost of IVF, representing an effec- 
tive method to improve the affordability of this therapeutic 
option for people with lower socioeconomic status in both the 
developing world and countries with advanced economies. 

Expenditures in IVF treatment 

Not including the fee for service, the high price tag for IVF 
treatment is largely due to expenditures for investigations, 
medications, and laboratorial equipment. The cost of treating 
the adverse effects from IVF can also incur additional strain 
on healthcare resources, hence limiting public funding for 
IVF. Lately, more economical approaches in providing IVF 
treatment have been discussed and researched. Cheaper 
alternatives to the expensive protocols used frequently in 
various IVF centers have been tested to assess their safety 
and effectiveness (Table 2). 

Is IVF really needed? 

Recently, concerns have arisen as to whether IVF is being per- 
formed unnecessarily, especially in the group of patients with 
a short duration of unexplained subfertility.'"' Unexplained 

Table 2 The expenditure and strategies to reduce cost in IVF 



Expenditure in IVF Strategies to reduce cost 



Offering unnecessary IVF 


Careful patient selection 


Investigations 


Simplifying investigative methods 


Medications 


Reducing the cost of ovarian 




stimulation 


Laboratorial equipment 


Simplifying the procedures and 




equipment in the laboratory 


Treating adverse effects 


Minimizing the complications of IVF 



Abbreviation: IVF, in vitro fertilization. 



subfertility can account for nearly 40% of patients seeking 
fertility treatment.'^ Without tubal pathology and severe male- 
factor subfertility, the natural conception rate can be >50% 
if expectant management is adopted.'"'"' Economic-modeling 
studies reveal that in younger women with unexplained 
subfertility, IVF treatment is not cost effective within 3 
years of trying to conceive.'"'" One randomized controlled 
trial estimated that for couples who presented with a year's 
history of unexplained subfertility, a saving of €2,616 per 
couple can be achieved if expectant management is adopted 
for 6 months before fertility treatment is offered.'^ These 
results indicate that cost savings can be achieved by careful 
patient selection, thus avoiding unnecessary interventions 
and costs when expectant management should be practiced 
in the first instance. 

Intrauterine insemination (lUI) is a well-established 
treatment and has been offered as a less-expensive alterna- 
tive to IVF in assisted reproduction. Although there are 
studies reporting that lUI has no significant advantages 
over expectant management in unexplained infertility,"' ''''^'' 
in many parts of the world lUI is still a routine practice. For 
example, in the United States, the percentages of subfertile 
patients receiving lUI and IVF treatments are similar.^' In 
the United BCingdom, the most recent guideline on fertility 
assessment and treatment by National Institute for Health 
and Clinical Excellence (NICE) does not recommend lUI 
for couples with unexplained infertility;^ this method of 
treatment is not deemed to be cost effective. 

Suggested strategies to reduce 
the cost of IVF treatment 

Simplifying investigative methods 

Simple, rather inexpensive baseline investigations, along with 
an adequate medical history, may be all that is required to 
reach a diagnosis of a couple's subfertility problem. Avoiding 
waste such as duplicate and unnecessary investigations may 
further reduce the average cost of investigations. ^^-^^ Studies 
have demonstrated that the practices involved in investigating 
subfertility are hugely variable among developed countries.^^ 
Even in a single secondary referral center, inconsistencies in 
basic investigative methods are present; the lack of standard 
protocols can lead to large differences in the cost of investi- 
gations among various practices. 

Male-factor subfertility can be identified by semen 
analysis using a light microscope. ^"'•^^ This manual method 
of semen analysis is the recommended standard for assessing 
sperm. The reliability of manual semen analysis has not 
been surpassed by the more expensive computer-aided sperm 
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analysis system.^''-^' Although assessment of pelvic anatomy 
and ovarian reserve by antral follicle count (AFC) requires an 
ultrasound scan machine with adequate resolution, advanced 
digital fimction or three-dimensional imaging is not neces- 
sary and has not been shown to provide any advantage.^*' 

One could argue the need to perform tubal patency tests 
if the decision to offer IVF treatments will not be altered 
by the results. In the United Kingdom, NICE recommends 
IVF as the treatment of choice for most cases of subfertility. 
Cumulatively, IVF is considered the most cost-effective treat- 
ment for all subfertility factors apart from anovulation, where 
ovulation induction is recommended.^ Therefore, the value of 
assessing tubal patency has been debated; there are sugges- 
tions that the resources used for these investigations should 
be channeled to fund IVF instead. However, in specific groups 
of patients, the knowledge of their tubal status can influence 
the mode of treatment offered; thus, in many centers, tubal 
patency tests are routinely conducted, and decisions are made 
depending on the results. In cases where the tubal status has 
to be investigated, hysterosalpingography (HSG) orhystero- 
salpingo-contrast-sonography can be performed. These tubal 
assessment techniques are comparatively inexpensive and 
have been recommended as the investigative methods of 
choice for patients with no other comorbidities.^ '" Some other 
patients may need more-expensive investigative methods to 
assess tubal status; careful selection of appropriate options 
can help to avoid unnecessary costs. Laparoscopy is the gold 
standard for the diagnosis of tubal patency and also has a 
higher prognostic significance in predicting future fertility;^' 
therapeutic procedures, for example treatments for adhesions, 
endometriosis, and ovarian drilling, can be performed dur- 
ing laparoscopy. Clinical and cost effectiveness of the above 
methods for tubal assessment has been evaluated. Compared 
to laparoscopy as a test for tubal obstruction, HSG provided 
pooled estimates of sensitivity of 0.65 and specificity of 0.83, 
with a cost difference of €753 Hystero-salpingo-contrast 
sonography has been shown to exhibit good statistical com- 
parability and concordance with HSG.^ 

Hysteroscopy may be necessary to investigate and 
treat submucosal fibroids, polyps, septa, and intrauterine 
adhesions for patients suspected to have these intrauterine 
abnormalities.'" These procedures are more expensive but 
are typically performed as day cases to avoid the expendi- 
ture of inpatient hospital stay. With the invention of office 
endoscopic instruments and techniques, some of the pro- 
cedures can now be performed safely using an ambulatory 
approach in "one-stop subfertility clinics"; the technique of 
transvaginal hydrolaparoscopy allows direct visualization of 



the reproductive organs and the assessment of tubal patency 
in an outpatient setting." This method has been clinically 
validated for accuracy, safety, and patient tolerance. ^"'^^ It is 
commonly performed in the People's Republic of China and 
some European countries but is not frequently performed in 
the United Kingdom or United States."" To effectively provide 
the above services for the investigation of subfertility, careful 
planning of service delivery utilizing the available resources 
and the adequate training of staff are essential. 

It is widely accepted that ovarian reserve testing is impor- 
tant during the workup for women before undergoing IVF 
treatment. Ovarian stimulation is a balancing act: the aim 
is to achieve adequate oocyte yield without causing ovarian 
hyperstimulation syndrome (OHSS). In this day and age, 
inducing ovarian stimulation without the predictive value 
of individual ovarian potential is deemed oversimplistic and 
dangerous." Biomarkers of ovarian response have enhanced 
the practitioners' ability to determine the type, dosage, and 
duration of the agents used for ovarian stimulation to enhance 
safety and to improve clinical and cost effectiveness. In one 
study, the researchers derived a Markov decision model to 
compare the cost-effectiveness of ovarian reserve testing in 
IVF.^*' A computer-simulated cohort of subfertile women 
aged 20^5 years who are eligible for IVF was generated. 
The incremental cost-effectiveness ratios per additional live 
birth was greatly reduced when dose individualization of the 
follicle-stimulating hormone according to ovarian reserve 
testing was practiced, in comparison with initiating IVF treat- 
ment without any information on ovarian reserve. Although 
the effectiveness of this method needs to be confirmed in 
randomized clinical trials, sensitivity analysis revealed that 
the model was robust. 

The two main biomarkers that can reliably predict the 
oocytes yield from ovarian stimulation are AFC and anti- 
Miillerian hormone (AMH). These two tests have been proven 
to exhibit strong associations with the size of the primordial 
follicle pool and follicular recruitment rates. ^'"^' Analyses 
of AFC against AMH have consistently demonstrated strong 
correlations in the readings of these two tests.'"^^ Thus, it is 
believed that the same 2-6 mm follicles seen on ultrasotmd 
are those producing AMH.'" '*'' In the United Kingdom, 
NICE recommends that either one of the above two tests 
or follicle-stimulating hormone (FSH) should be used to 
predict ovarian response.^ FSH alone is less reliable than 
AFC and AMH, as the level fluctuates more widely within a 
menstrual cycle. To keep the cost of fertility investigations 
down, the levels of either AMH or AFC alone, but not both, 
are sufficient for determining the individualized protocols 
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for ovarian stimulation for most patients. In the presence 
of an ultrasound machine with sufficient image resolution 
and trained personnel, AFC can be measured during pelvic 
assessment in a subfertility outpatient setting. As mentioned 
above, sophisticated machines with three-dimensional images 
or automated counting of antral follicles are usually not 
required. To ensure the reliability of the results, adequate 
training is essential for the staff performing the measurement 
of AFC. Predicting ovarian response by measuring AFC is 
prone to interobserver variation;'" by introducing strict inclu- 
sion criteria for AFC measurement, one can reduce the scale 
of the inconsistency. 

AMH, despite its cost, can be measured without the need 
for any additional clinical skills. Patients can have this test 
without the need to travel to a tertiary fertility center. This 
is helpfiil if the center is providing fertility care for a wide 
geographical area. As the number of AMH tests increases, the 
cost to run the samples may decrease over time. However, the 
result of AMH is sensitive to the changes in sample handling, 
storage, and processing; elevated and suppressed levels of 
serum AMH have been shown to be associated with abnormal 
batches of calibrators, inappropriate use of linear rather than 
cubic regression for standard curve interpretation, sample col- 
lection in EDTA (ethylenediaminetetraacetic acid) tubes rather 
than serum tubes, postage of samples before centrifuge, stor- 
age at room temperature, and poor operator reproducibility.'"'''^ 
In addition, there are more than five different assays for AMH 
measurement from different companies.'" Laboratory and 
clinical personnel need to be knowledgeable in processing a 
particular assay and in interpreting the results. Due to the lack 
of international standardization, the external validity of the 
AMH results is poor. An AMH result may not be relevant or, 
in a worst-case scenario, may interpreted incorrectly when a 
patient moves to a different IVF center for treatment. 

Currently, neither of these two methods (AMH and 
AFC) has been shown to be directly correlated to the clini- 
cal pregnancy rate from IVF.^'" Considering the strengths 
and limitations of these two tests, various IVF practitioners 
have adopted either one or both tests for predicting ovarian 
response; their decisions typically depend on their personal 
preference and the availability of the resources in their 
centers. In general, it has been perceived that in centers where 
the AMH facility is not already set up, the most cost-effective 
method to accurately measure ovarian reserve is AFC. The 
result of a large-scale multicenter randomized controlled trial 
to assess the cost effectiveness of AFC to individualize FSH 
stimulation dosages for IVF treatment will be published in 
the near future."' 



Reducing the cost of ovarian stimulation 

The price of medications used for pituitary downregulation 
and ovarian stimulation is a major contributing factor to the 
high cost of IVF treatment. The clinical and cost effectiveness 
of various IVF protocols has been researched. Recently, there 
has been some renewed interest in natural cycle and mild 
ovarian stimulation IVF protocols. In natural cycle IVF, no 
ovarian stimulatory drugs are administered. Ovulation trig- 
gering with human chorionic gonadotropin is administered 
when the follicle matures, reaching the size of 15-20 mm, 
or when serum estradiol level rises.'** A study in 2001 
involving 52 women with a total of 181 cycles of treatment 
revealed that natural cycle IVF has a cumulative probability 
of pregnancy of 46% and a live birth rate of 32% after four 
cycles of treatment.'" With the avoidance of expensive drugs, 
natural cycle IVF was considered a cost-effective alternative 
to conventional IVF techniques.'" However, a recent meta- 
analysis revealed that stimulation with clomiphene citrate, 
with a small increase in cost, has an improved clinical preg- 
nancy rate in comparison with natural cycle IVF.^'^"-^' The 
major issue with natural cycle IVF is its high cancellation 
rates due to premature luteinizing hormone (LH) rise and 
ovulation; thus overall, the current evidence does not favor 
natural cycle IVF.'"-'^ 

In mild ovarian stimulation, a short stimulation period of 
2-6 days during the mid-to-late stimulation phase is intro- 
duced using FSH, combined with a gonadotropin-releasing 
hormone (GnRH) antagonist at approximately the same 
time.'** This method allows undisturbed recruitment of a 
cohort of follicles during the early follicular phase in the IVF 
treatment cycle, reducing the dose of FSH needed for ovar- 
ian stimulation. The treatment also reduces the cancellation 
rates seen in natural cycle IVF due to premature LH rises and 
ovulation." According to the International Society for Mild 
Approaches in Assisted Reproduction consensus group, using 
the mild ovarian stimulation protocol, the number of oocytes 
retrieved usually ranges from two to seven.''^ Some centers 
practice modified natural cycle IVF, where a single follicle is 
allowed to naturally develop and assume dominance. In these 
cycles, FSH is administered for a period of 2-6 days, starting 
at different stages depending on the practice of the centers. 
To suppress LH secretion to prevent premature ovulation, 
a GnRH antagonist is administered either when the largest 
follicle reaches a diameter of 14 mm or after up to 6 days 
of ovarian stimulation with FSH. When the leading follicle 
reaches 1 5-20 mm, ovulation is triggered in the same manner 
as conventional IVF, and only one oocyte is retrieved for the 
preparation of a single embryo transfer.'"*'^'' 
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The technique of in vitro maturation of oocytes can 
potentially reduce the amount of FSH required for ovarian 
stimulation. However, the lowered cost of FSH may be offset 
by increased expenditure in the laboratory. Information on the 
clinical and cost effectiveness of this technique is needed for 
the evaluation of its routine application in IVF treatments. 

It has been suggested that although mild ovarian stimula- 
tion results in a lower oocytes yield, the oocytes retrieved are 
of a better quality. In mild ovarian stimulation, there is mini- 
mal interference with the natural selection of good-quality 
oocytes; the growing follicles also have less exposure to the 
potentially negative effects of ovarian stimulatory agents." 
In a randomized trial, it was discovered that a significantly 
higher proportion of euploid embryos formed using the 
mild stimulation approach compared with conventional 
stimulation.'^ When comparing mild stimulation with con- 
ventional IVF, recent meta-analyses failed to reveal any 
differences in cumulative live births, OHSS, or ongoing 
pregnancy. Due to the heterogeneity of the trials involved, 
the clinical superiority or noninferiority of one approach 
over the other could not be concluded."** Per IVF cycle in the 
mild stimulation approach, there are lower pregnancy rates; 
due to the fewer number of embryos retrieved, the number 
available for cryopreservation is usually small. This method 
also requires excellent laboratory performance, as the margin 
for error and subpar perfomance is lower. Few studies have 
compared the cumulative cost-effectiveness of mild stimula- 
tion with conventional controlled ovarian hyperstimulation in 
IVF. Although in each cycle the amount of drugs administered 
using the mild stimulation protocol is considerably less, the 
patients may need to undergo more treatment cycles due to 
the lower pregnancy rate per cycle of treatment. One recent 
retrospective study found that the modified natural cycle was 
less cost effective and had a lower cumulative live birth rate 
in comparison with conventional IVF.^'' In summary, when 
appropriate clinical expertise and laboratory resources are 
available, there may be a place for mild ovarian stimulation 
IVF for selected patients. 

GnRH agonists and GnRH antagonists are the two most 
commonly used drugs for pituitary downregulation in IVF 
treatment. GnRH antagonists generally cost more than 
GnRH agonists. However, in GnRH antagonist protocols, 
this medication is used for a shorter portion of the treatment 
cycle to achieve the same downregulatory effect. Thus, the 
price difference between these two protocols may not be 
large. A study in the United States indicated that on average, 
the cost of the GnRH agonist protocol is as much as USD 
$400 lower than that of the GnRH antagonist protocol. 



Thus, if the costs from this study can be applied universally, 
a GnRH agonist is generally the more cost-effective option 
in a limited resource setting. The risk of OHSS is higher in 
the GnRH agonist protocol;^ " in high-risk patients, GnRH 
antagonists are preferable. 

Although urinary and recombinant gonadotropins are 
the most researched and preferred regimens for ovarian 
stimulation, clomiphene citrate (clomiphene) was the first 
preparation used for ovarian stimulation in IVF."-'* Although 
Edwards and Steptoe tried and then largely abandoned both 
this medication and tamoxifen,^' '''' others have continued 
to demonstrate that clomiphene can be a cost-effective way 
to achieve full-term IVF pregnancies.'''' The advantages of 
clomiphene include oral administration, low price, and wide- 
spread availability in many parts of the world. ""' Clomiphene 
can be used as a sole stimulatory medication in mild ovarian 
stimulation IVF. As mentioned above, the clinical preg- 
nancy rate in IVF stimulation by clomiphene is superior to 
natural cycle IVF. The major disadvantage of clomiphene 
is its antiestrogenic effect on the endometrium, which may 
adversely affect the receptivity for embryo implantation.''' '^ 
Clomiphene may be combined with exogenous gonadotro- 
pins, with or without GnRH antagonists, to prevent a spon- 
taneous LH surge. This practice reduces the total number of 
ampoules of gonadotropins needed, thus lowering the cost 
of treatment. ''' Several studies have reported that this option 
does not affect the pregnancy rates of IVF treatment;"'''''"'''' 
however, one study indicated that combining clomiphene 
and gonadotropin results in a higher cancellation rate and 
lowers the ongoing pregnancy rate.''' Although more studies 
are needed to confirm the clinical and cost effectiveness of 
using clomiphene with or without gonadotropins and GnRH 
antagonists, overall, these are attractive methods for reducing 
the cost of IVF treatment. 

Aromatase inhibitors, eg, letrozole, can be used for 
the same purpose as clomiphene. These drugs inhibit the 
conversion of androgens to estrogens in granulosa cells in 
developing ovarian follicles, thus preventing the rise in the 
level of estrogens." ''' This results in a reduction in estrogen 
feedback and subsequently in an increase in endogenous 
gonadotropin secretion. Aromatase inhibitors have an 
additional advantage of not causing depletion of estrogen 
receptors." ''* There are few reports of trials involving aro- 
matase inhibitors, with most of them combining letrozole 
with gonadotropins for ovarian stimulation. One uncon- 
trolled study favored aromatase inhibitors as effective and 
inexpensive treatment alternatives; the study reported an 
ongoing pregnancy rate of 27% following treatment using 
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letrozole and a reduced amount of human menopausal 
gonadotropin.''' Another study reported that the addition of 
letrozole to recombinant FSH increased the oocytes yield 
and resulted in a tendency towards higher clinical pregnancy 
rates; however, in this study, the dose of FSH was the same 
between the groups compared, and thus no cost saving was 
made.'" In patients with poor prognosis, the addition of aro- 
matase inhibitors does not improve outcomes. At present, 
more information on cumulative clinical effectiveness and 
cost effectiveness is needed to confirm the efficacy of this 
IVF treatment regimen. In summary, it seems appropriate to 
use aromatase inhibitors in a limited resource setting if they 
reduce the cost of the treatment. 

Simplifying procedures and equipment 
in the laboratory 

Over the years, the laboratorial procedures in IVF treatment 
have become increasingly complex. Additional interventions 
have been supplemented in IVF laboratories; not all of them 
are proven to be beneficial. Intracytoplasmic sperm injection 
(ICSI) was invented in 1 99 1 ; this supplementary step in IVF 
has been shown to be beneficial for a subgroup of patients, 
namely those with male-factor subfertility. With the current 
evidence, this intervention is recommended in the United 
Kingdom for couples with severe deficits in semen quality, 
those with obstructive and nonobstructive azoospermia, and 
those in whom a previous IVF treatment cycle has resulted 
in failed or very poor fertilization.^ Preimplantation genetic 
screening had a promising start but subsequently was 
reported to reduce the live birth rate.'^ Another new inven- 
tion, the embryoscope, has lately been very sought after 
by IVF laboratories and patients; however, the long-term 
data on the clinical and cost effectiveness of this system is 
lacking. The robotic ICSI method is often mentioned; this 
technology may become commercially available in the near 
future.'-' The embryo selection techniques, such as metabolo- 
mic profiling of culture medium, failed to exhibit any benefit 
in a randomized controlled trial.'*''' Spermatic assessment 
and selection has attracted tremendous attention in recent 
years. It has been suggested that sperm DNA fragmentation 
greater than 25.5% is associated with a higher probability 
of unsuccessful IVF treatment.'* However, sperm selec- 
tion techniques, such as intracytoplasmic morphologically 
selected sperm injection, that select spermatozoa at high 
magnification have not been shown to improve outcomes 
in studies, including a multicentric randomized controlled 
trial. The effectiveness of sperm selection for ICSI by 
prior hyaluronic acid binding is currently being investigated 



in the large multicenter randomized HAB Select trial in the 
United Kingdom. 

In an environment with abundant resources, it is not unrea- 
sonable to explore new horizons in IVF treatment to make an 
effort to improve outcomes. However, one has to acknowledge 
that the cost of IVF treatment may be substantially increased 
with any additional laboratory intervention. The cost to set up 
an IVF laboratory is hardly economical, at usually between 
€1.5^3.0 million. '^ Researchers in the past have indeed tried to 
reduce the expenditure of laboratory procedures in IVF. There 
have been reports of intravaginal fertilization and incubation 
of oocytes and sperms.'"" This technique has not been widely 
accepted and adopted. Recently, there was a breakthrough 
by researchers in Belgium.'* The project, supported by The 
Walking Egg Foundation, resulted in the possibility of set- 
ting up a low-cost IVF laboratory for less than €300,000. The 
team developed a closed culture system using an inexpensive, 
disposable 10 mL plain glass vacutainer. With the single-tube 
method, the researchers could adequately visualize oocytes, 
pronuclear eggs, and preimplantation embryos to the hatched 
blastocyst stage. This setup enables stage and performance 
assessments of sufficient detail to select single embryos for 
transfer. To generate a stable medium pH and atmospheric 
conditions like tissue culture incubators, pure CO^ was pro- 
duced by the combination of sodium bicarbonate, citric acid, 
and water With this simplified culture system, it was reported 
that eight of 23 embryos implanted, one miscarried at 8 weeks, 
and seven healthy infants were born; the total laboratory 
expenses for this system are only 10%-15% of those used 
by most IVF laboratories.^" The preliminary result indicates 
that good live birth rates and tremendous cost savings can be 
achieved by adapting to this laboratory technique. The system 
has the disadvantage that it is currently not suitable for ICSI. 
Nevertheless, bilateral tubal occlusion is prevalent in some 
developing countries. Without the presence of male-factor 
subfertility, conventional IVF without ICSI intervention is the 
recommended treatment for this group of patients. Therefore, 
this simplified culture system is particularly effective in this 
setting. Overall, this exciting discovery demonstrates that IVF 
laboratories can be run on a shoestring budget, thus improv- 
ing the accessibility of the treatment to a wider population, 
including those in developing countries. 

Minimizing the complications of IVF 

In a competitive world, IVF centers are increasingly 
focused on staying at the top of the league tables of success 
rates; patients often choose the centers with the best success 
rates without paying much attention to other factors like the 
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rates of the two most common complications, which are 
OHSS and multiple pregnancies.*'-^^ 

Severe and critical OHSS not only endangers the life 
of women undergoing IVF but also imposes tremendous 
pressure on the healthcare resources. These patients often 
need the input from a multidisciplinary team in an intensive 
care environment. Bob Edwards has warned that high-order 
ovarian stimulation could be injurious to women's health and 
called for a reassessment of the reliance on complex, costly 
treatment protocols that result in large numbers of oocytes: 

[...] endocrinological approaches, preferably reinforcing 
the natural cycle and acceptable for successive cycles of 
mild stimulation, are needed today. At most, modest forms 
of ovarian stimulation aimed at stimulating the gro-wth of a 
limited number of Graafian follicles should suffice.''"-*^-*'' 

IVF has single-handedly increased the rate of multiple 
pregnancies throughout the world. Multiple pregnancies are 
associated with high rates of pregnancy-related and neonatal 
complications. Approximately 50% of twin pregnancies are 
associated with preterm delivery. Two-thirds of twins are 
small for gestational age. '"Approximately 7.4%, 21.6%, and 
50% of twin, triplet, and quadruplet pregnancies, respectively, 
produce at least one handicapped child.*^ In comparison to 
singletons, twins and triplets are 6 times and 10 times more 
likely, respectively, to have cerebral palsy.'"-*'' In addition, the 
risk of neonatal complications of IVF twins is greater than 
in spontaneously conceived dizygotic twins.*' In the United 
Kingdom, it has been shown that 56% of the direct cost of 
IVF pregnancies is associated with multiple pregnancies 
after IVF. The total direct maternal and infant costs per IVF 
singleton family is only £3,3 13, in comparison with £9,122 
per IVF twin family and £32,354 per IVF triplet family;** 
the cost related to triplet pregnancies is almost 10 times the 
cost for singleton pregnancies. 

The practice of elective single embryo transfer has 
been shown to drastically reduce the incidence of IVF 
multiple pregnancies and the associated complications.'"-*' 
As mentioned above, some health boards impose the policy 
of elective single embryo transfer as one of the criteria for 
accessing the funding for treatment. In some countries, 
the authorities monitor the rates of multiple pregnancies 
at IVF centers. In Australia, the costs saved by reducing 
multiple pregnancies were calculated in one study. The 
reduction of fertility treatment-related multiple birth rate 
from 18.8%) to 8.6% has resulted in the savings of AUD 
$47.6 million, which is equivalent to a 55% increase in 
use of the service.'" 



The future of IVF for patients 
with subfertility 

In conclusion, the most significant breakthrough in reducing 
the cost of IVF in recent years is the invention of a simpli- 
fied culture system. It is exciting that laboratory costs can 
be reduced by up to 90%. This innovation demonstrates 
that affordable IVF, especially in developing countries with 
very basic resources, is within reach in the not-too-distant 
future. Low-cost medication for ovarian stimulation can 
be chosen to further lower the cost of IVF. The Arusha 
Project, an offspring of The Walking Egg, has made major 
contributions in increasing the public awareness of the 
need for subfertility services in developing countries and 
also in discovering the mechanism for the provision of 
IVF treatment in low-resource settings. It is known that the 
availability of equipment itself is not sufficient for effective 
IVF service delivery. The provision of training and education 
in the practicalities and risks of IVF to service providers are 
important factors in ensuring safe and effective utilization 
of the facilities. Well-trained, informed clinicians and IVF 
laboratory scientists are required for the establishment and 
maintenance of a high-quality service. There is also a need to 
increase the public awareness of the limits and risks of IVF; 
well-supported campaigns, such as that found at http://www. 
oneatatime . org. uk . have the aim of attracting attention from 
the public and improving the understanding of complications 
from IVF treatment. 

In summary, the current trend for the development of 
low-cost IVF is very encouraging. Recent discoveries should 
prompt international organizations to enhance their support 
in bringing this effective service to the people in need of IVF 
treatment in areas with limited resources. With continued sup- 
port for further research and service development, millions 
of people troubled by subfertility can be offered help; those 
that are financially disadvantaged will not have to accept the 
fate and bear the sorrow of childlessness. 
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